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Stored 

information
RRAM: Resistivity change 
Flash memories: Trapped charges
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PCRAM

CBRAM

OXRAM 
(NiO, TiO, …)

PolymersMRAM

#$�%�$�������
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OxRRAM

PC: Phase Change CB: Conductive Bridge OxR: Oxide Resistive

3����4�
�	�����%
�	&���%����
5��$%�����.��2�6 �����%�� �� ��6 ��

&�'



������������	
��
���
�����

(���� ����
���
�
��	
�
�


��
���	�
���'��


��

%��������
(���� ���
���	� ������
%��� �)���	
��)����

�"��
����
"
�

��� ����*+ , �"����

%����
��
����
"����
����
���
���
�
��
���

��
�
����
"
�
��������

���

������
����

�����
����	���	���-'+	���

��.)�����	
�����
�����
�����

� �

/����
���

����
"
(���� ��
�	
��	 
���
0�� �����
���
" ����


��
��
���

��
���	��������������������

��	��

&��



������������	
��
���
�����

��
�
�
����

��	���
���	����������������������	
�

�

���
��
�����
��	�1�

��
����

��	�2

2�

�	
�����
��
��2

2��	�������3�
�	����	��	


&�4

5����
�����
�
�
����

��	����	
��������

Mastering of resistivity change 
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Heater width < 100 nm

Tx: Crystallization temperature
Tm: Melting temperature of crystal %���� * %���� +%���� + %���� *

&�,

Data retention relies on amorphous phase stability 
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PCRAM example

Tx increase for high temperature applications (ex: automotive)
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Mastering of resistivity change 
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Pair Distribution Fonction (PDF) of amorphous GeTe / GeTeC

Mean distances between atoms

Ge – Ge
Te – Te
Ge – Te
C – Ge
C – Te
C – C

G. Ghezzi et al., APL 2011

The first peak is unchanged
A new peak appears at a 
distance around 3.5 Å 
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A�B/�

	��A�BA�

/�B/�

	��A�BA�

Low scattering efficiency of C
Need for ab-initio simulation

&�*+



������������	
��
���
�����

�������)����
����
�)�
)�
��
� B�	�
������)�

��	
�$
��$��$�%�
�
$��
�%��%,��B#����

*%$,	
����	%$�����  �5

>��&�����#��%��$
�?

G. Ghezzi et al.,  APL 2011

Shorter Ge-Ge distance

� Good agreement with experiment

� Evidence of C-C bonds 
� Various C-Ge configuration

Strengthening of local structure by C doping
Stabilization of amorphous phase 

Measurement

Simulation
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PCRAM example

Keeping switching with size reduction for scalability
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Mastering of resistivity change 
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� GST clusters
GST 10 nm

Alumina

Alumina
� GST thin film

Clusters 0.4 nm
Alumina 3 nm

Alumina 6 nm

Alumina 6 nm

Clusters 0.4 nm
Alumina 3 nm

Clusters 0.4 nm
Alumina 3 nm

Clusters 0.4 nm

Composition by RBS-PIXE
Film Ge:Sb:Te = 23:24:53
Clusters Ge:Sb:Te = 28:27:45

G. Ghezzi et al., APL 2012
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Clusters size distribution 
peaked at 5.7 nm � 1 nm 
(Time of flight mass 
spectrometer)
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5 nm5 nm5 nm

Cluster TEM images
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In situ XRD analysis G. Ghezzi et al., APL 2012

No peaks appearing at temperatures lower than 170 � C
Crystallization of nanoclusters
Crystallization is complete at around 200 � C

Phase transition kept @ nanosize

&�*4
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Example of the « Filament like » resistive RAM

&�*6

Mastering of resistivity change 
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� Most of them show 
bipolar switching

� The switching is often 
related to filamentary 
mechanisms .

� CBRAM
Growth/dissolution of a filament of 
metal ions (Ag, Cu) in a solid electrolyte

� OxRRAM
A high k between 2 electrodes
Mostly invoked: filamentary mechanisms 
involving O 2- and O vacancies

� The basic stack is a MIM structure

&�*9
Need for pristine sample characterization
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Sowinska et al., Appl. Phys. Lett. 100, 233509 (2012)

� HfO2 capped with a 
top electrode 

� Oxygen getter 
effect (ex: Ti) 

Interfacial layer

Pt

HfO2

Ti

Pt
Hf
Ti
O

Pt
Hf
Ti
O

P
os

iti
on

C. Cagli et al., IEDM 2011

�/$� B$�C

HfO2 OxRRAM

O diffusion in Ti
HfO2 modified by integration 
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C. Cagli et al., IEDM 2011

�72�������D72

No other direct evidence 
of a conductive path 

D.-H. Kwon et al., Nature Nanotech. 5, 148-153 (2010)

No area scaling effect
Filament like conduction

HfO2 OxRRAM

TiO2 (Rutile) => Ti 4O7 (Magneli)
Phase change mechanism
OxRRAM or PCRAM ?

TiO2 OxRRAM

TEM with in-situ electrical switching of the oxide

&�*=
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P. Calka et al., et al. Nanotechnology 24 (2013)
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HfO2 OxRRAM
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Resistive switching by C-AFM
Localization of a conductive path by SSRM
TEM lamella preparation around the conductive path
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P. Calka et al., et al. Nanotechnology 24 (2013)
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HfO2 OxRRAM

Oxygen concentration

Nitrogen concentration

Titanium concentration

(a.u)

Oxygen depletion localized at the top of the switch ing area
O in HfO 2-x main component of the O-K line
What about set and reset ?
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RRAM developments require

characterization of atom displacements

&�''

Synchrotron  
radiation based 
characterization

Sensitivity

Electron 
microscopy

Local analysis

Combined 
with

Ab-initio 
simulation

Localized 
switching

In situ 
switching
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RRAM Issues Phase Change
LRS and HRS

Filament like
PRS, LRS and HRS

Characterization
challenges

Amorphous phase Filament observation

Sample preparation 
challenges

To avoid phase transition To localize the filament

S
am

pl
e 

na
tu

re Mechanism studies Stack of films

Device likeMaterial choice Stack of films

Integration effect Device like

Size effect
Integrated Nanomaterials _

Device like
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As suggested in Sowinska et al., Appl. Phys. Lett. 100, 233509 (2012)
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